The action of an anticholinesterase and an antimuscarinic drug upon nerve-induced contractions of the rat urinary bladder were examined during transmural stimulation at 20 Hz. Responses were graded in magnitude by limiting the duration of the stimulus trains. 2 Responses of low magnitude produced by short stimulus trains were unchanged by atropine; however, maximal responses resulting from long stimulus trains were diminished in magnitude and shortened in duration. 3 Responses of small magnitude elicited by short stimulus trains involve muscarinic receptors in close proximity to the neuroeffector junction and are resistant to atropine. 4 Maximal responses elicited by long stimulus trains involve'junctional' muscarinic receptors as well as receptors located at the periphery of the junction; the 'extrajunctional' receptors are blocked by atropine.
Introduction
The motor innervation of the mammalian urinary bladder is usually represented as cholinergic even though nerve-induced responses of this organ are not completely prevented by conventional antimuscarinic agents such as atropine or scopolamine (Ursillo & Clark, 1956; Carpenter, 1963; Vanov, 1965; Ambache & Zar, 1970) . Although these drugs do reduce or block bladder contractions elicited by carbachol or by acetylcholine itself, some authors have proposed that the motor nerve terminals of the urinary bladder are non-cholinergic (Ambache & Zar, 1970; Dumsday, 1971; Burnstock, Dumsaday & Smythe, 1972) . The atropine resistance of the urinary bladder may result from a close association between the nerve terminals of this organ and the muscle cell membrane; the junction or point of contact between the postganglionic nerves and the smooth muscle membrane may not be readily accessible to antimuscarinic agents.
There is strong evidence that acetylcholine is a transmitter in the rat urinary bladder: (1) nerveinduced responses of the bladder are potentiated by physostigmine (Ursillo & Clark, 1956; Carpenter, 1963; Chesler & Thorp, 1965; Hukovic, Rand & Vanov, 1965) (2) acetylcholine accumulates in the bathing solution in vitro in proportion to the stimulus rate (Carpenter & Rand, 1965; Chesler, 1967) ; (3) the responses of the rat bladder and the release of acetylcholine during stimulation are greatly reduced following pretreatment of the rats with Cl. botulinum toxin (Carpenter, 1967) . This study is concerned with the action of ecothiophate and atropine on nerve-induced responses of the urinary bladder in vitro. Its purpose is to show that those junctional events elicited by the small amount of transmitter released during brief stimulation were not affected by substances which block muscarinic receptors or by substances which extend the life of the transmitter. However, during prolonged stimulation which elicits more powerful contractions of the muscle, events at the junction were very significantly affected by these drugs; the contractile responses were more susceptible to the blocking actions of an antimuscarinic agent such as atropine and to a drug such as echothiophate which prolongs the action of the transmitter.
Methods
Phasic contractions of the rat bladder were elicited isometrically in a constant temperature water bath (Carpenter, 1963) . The organ was stimulated by single or repetitive electrical pulses of 1 ms duration. A constant stimulating current of 25 mA was passed across the bladder wall between two coaxial electrodes composed of platinum wire. One electrode located in the bladder lumen projected through the cannula on which the organ itself was secured. The other electrode was fixed in the organ bath and surrounded the preparation in the bathing solution. The cannula was connected to a pressure transducer by flexible tubing. Care was taken to displace any air bubbles before the experiment started. The magnitude of a given response was obtained from recordings of the pressure that developed while the stimuli were applied. Each response was recorded on an ink-writing oscillograph and was photographed ,on high speed film from a cathode ray oscilloscope (CRO).
The excitation of bladder smooth muscle by transmural stimuli is indirect and mediated by acetylcholine (ACh) released from postganglionic nerve (Carpenter & Rand, 1965) control and treated groups shown in Figure 3 are not significantly different.
Bladder contractions produced by stimulus trains Figure 1 the mean responses, shown in the second and third column and elicited by 5 and 10 stimulus pulses respectively, were significantly less in the group treated with echothiophate. Although the mean of the responses elicited by the 5 s stimulus train was less than control, the difference between control and treated groups was not significant (fourth column, Figure 1 ). Despite the failure of echothiophate to enhance contractile responses to single, dual or to trains of stimuli, acetylcholinesterase nevertheless, does appear to limit the transmitter action of acetylcholine in the bladder. The duration of a response following single stimuli and following the three stimulus trains was measured for control and the echothiophate-treated groups, In Figure 4 this is expressed as the average number of seconds required for the pressure to diminish to one-half the value of the peak response (relaxation time). After single stimuli and after trains of 0.25 and 0.5 s, relaxation occurred within 3 s in the control untreated group; the height of the first three columns is the same. After the 5 s trains the mean relaxation time was 7 seconds. There is little difference between treated and control groups in the first three columns; the mean relaxation time following short periods of stimulation was not significantly prolonged by the inhibitor. However, the relaxation time following the 5 s stimulus train was extended by 5-fold from control to nearly 35 (last column, Figure 4) .
Recordings of the contractile responses by a control bladder preparation to the various stimulus trains are shown in Figure 5 . It should be compared with the recordings of the responses to the same stimulus trains of a treated preparation which is shown in Figure 6 . These records indicate further, that the most significant prolongation of the responses occurred following the longest stimulus train. Only in the latter instance was the response time of the treated preparation significantly extended from the control.
Atropine. Atropine (20 g±M) did not exert a significant action on the rat bladder if the responses were elicited by the short stimulus trains. In the third column of Figure 2 , the 20 Hz stimulus train was applied for only 0.5 s; the mean response of the control and of the treated group were not significantly different. The mean responses shown in the first and second column also shlow that a bladder contraction resulting from either a single pulse or a train applied for only 0.25 s was not changed by atropine. Accordingly, any response elicited by one, five or as Figure 2 ). The contractile force of the rat bladder developed quite rapidly during repetitive stimulation at 20 Hz and the intraluminal pressure continued to increase throughout the 5 s stimulus train (Figure 7 ). Atropine (20 gM) did not interfere with the response which developed initially; the rate at which the pressure Figure 6 Recordings taken from a CRO of the contractile responses of a bladder preparation removed from a rat treated with echothiophate (0.3 mg/kg). Stimulus trains at 20 Hz were applied for 0.25 (upper), 0.5 (middle), and 5.0 s (lower). The upper and middle traces were made at twice the gain and 2.5 times the sweep speed as the lower trace. The appropriate pressure calibrations appear in the left margins while the time base is located below the recordings.
developed during the first two seconds appeared to be identical in the control and in the treated animals. In Figure 7 are shown two recordings of the contractile response elicited by a 5 s, 20 Hz train; the upper trace in each case was obtained from a control preparation; the lower trace was the result of the treatment with atropine. In 25 experiments the mean response of a non-treated preparation was always greater than the response following atropine. Nevertheless, the rising phase of the contractions; which of course represented the initial response to the stimulus train, was the same in both cases; treated bladders maintained the same rate of contraction during the initial 0.5 s of the response as the controls. In a number of others the initial rise time appeared to be unchanged from the control for as long as one second. (Figure 2) . If the concentration of ACh is very high in the junctional area the receptors would be more resistant to blockade by atropine. Moreover, the early phase of the response shown in Figure 7 was not impaired by atropine. Only during the late phase of the response was any antagonism between atropine and the transmitter clearly demonstrated. The late phase of a prolonged response would involve more distant receptors. These 'extrajunctional receptors' would be exposed to lower concentrations of transmitter as would be anticipated by diffusion and they would be more vulnerable to blockade. Phasic contractions of the guinea-pig bladder elicited by 10 Hz trains of 2-5 pulses were similarly resistant to large doses of atropine (Ambache & Zar, 1970) while contractions produced by single pulses were not enhanced by physostigmine. Accordingly, in this species as well, anticholinesterase and antimuscarinic agents were without effect on bladder responses of small magnitudes.
Junctional and extrajunctional receptors in the rat bladder There are major differences between a response produced in vitro by a cholinomimetic such as carbachol or acetylcholine and a response elicited by stimulation with electric pulses. Atropine, at a concentration of 1 gM for example, will compete with the agonists in the bathing solution causing a shift in the dose-response curve. A larger concentration of atropine, 20 gM, will eliminate the response to the cholinomimetics altogether. In this concentration atropine will block only 40% of the bladder response to the long stimulus trains. However, a maximal response which results from the long stimulus train is some 50% higher than the maximal response to high concentrations of the cholinimimetics (Carpenter & Rand, 1965; Carpenter, 1967) . This suggests that the entire population of muscarinic receptors cannot combine with the cholinomimetic in the bathing solution; the junctional receptors may not combine with the agonist because of limitations of access. The difference between the neuroeffector junction of the bladder and other cholinergic junctions with respect to 'atropine resistance' may be partially resolved by the division of the receptor population into two spatially distinct sites.
Non-cholinergic transmission in the rat urinary bladder These results offer no support for a non-cholinergic transmitter in the rat urinary bladder. Echothiophate and atropine modified the responses of this organ in a way that could be predicted by the specificity of echothiophate for the cholinesterase enzyme and the specificity of atropine for muscarinic receptors. These actions of echothiophate and of atropine were manifested only during maximal responses. Under these conditions transmission would be accompanied by the release of a larger amount of transmitter than during stimulation by single, dual or short trains of stimuli. If two transmitters were involved a small submaximal response elicited by a few impulses would have to be mediated by a non-cholinergic transmitter while the maximal responses elicited by the long stimulus trains would somehow have to involve acetylcholine.
